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(54) CARBON CLUSTER, RAW MATERIAL FOR PRODUCING THE SAME AND PRODUCTION OF THE 
SAME CARBON CLUSTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a new carbon cluster and a raw material for producing the 
carbon cluster and provide a method for producing the carbon cluster and further a method for 
extracting MC60 and MC70. 

SOLUTION: This new carbon cluster is the one having a composition of SrC60 and SrC70. The carbon 
cluster is produced by adding a strontium compound such as strontium oxide to a carbonaceous raw 
material, using the resultant mixture as a raw material and carrying out the arc discharge, etc., thereof. 
MC60 and MC70 (M is a metal except Sr) are extracted from a soot containing both with aniline. 
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[ftmB#<7>§5ffl] 

[I»3UI1] S r C60, S r C7O0>£a/££*rr&C<h 

JjDLfcC^^&^&S r C60- S r C70*P£rit£>X 
liSrC60. S r C70£^fc&** i 7X* — £ffit*T* 

tiULtzIfjmZmi^T. S r C60. S r C 70*>> £ J3c&XI* 
S r C60. S r C70^ttlt^ Z t J 

[»*a(4] S r C60. SrC70^blS^XttSrC 

60. s r C7o^^t;j^m^ ; 7X^— ^7- ^jfturccfey 

[8t#S5] S r C60. S r C70^bl$l)X(JS rC 

60- s r C7o£#t;a*£^x*— £T-y >izj:y» 
us r * c t £ t + « is*ii 3 1 = i ss a> a* ^ ^ x * 

[ii3fcil6] MC60. MC70^t>n6-5XfiMC60. M 
<fc*«f#«St-rSMC60. MC70(7)fflfi6**-r'&ft*^ v 

-So ) o 

[000 1] 

*#|ZS r C60. S r C70<D«ja£1rr 41ft** ^ 
[0 0 0 2] 

Hfc*0>tt«] KfR^^X*— r*. 1 9 8 5^ 
7^0)^ Q I (Krot o) <hX^E— 'J— ( S m a I 

i ey) ?»i=tfe'3r*a**Lfcc6o^c7o^a)i^f4)-s 
x stir is y. tt»*-c«**^x*-(D«B 

K6 CA. F. Hebard et a 
I . . Nature, 350. 600 (1 99 1) ] I: 

*y, c6o»Kic*gr>A (k) sK-e>mn 

«gTc = 1 BKG>fle*f*l::tt*C 
ft> Sf:8Sb (K. Tanigaki et a 
I. . Nature. 352. 222 (1991)] IC 
cfcy* Cs2 R b CSO^T c = 3 3 K<Dfig3|{t-C»S 

fcC60 (*»it) 3&<t hftfi*±^*rx;U (HIV) (7) 
««l£ffl*.4C±:j&<:?y — K7>P, [S. H. Fr i e 
d ma n et al. . J. Am. Chem. So 



c. , 115. 6506(1993)] lC<feoT«ft* 
[0003] □HT^ttLf;Kl^7X^ 

x*-f**»*rtt«WSSLTi*4 c tot, £Jlrt 

i* % im»{**m. «««t». tttttta*a>*a.t*tty 
[0004] ±fc<D&?\z H *«I*?S$5X$ — 

4o Xt-'J-^'fP) [ R. E. Sma I 

ley, Y. Chai et ai.. J. Phys. 
Chem. . 95. 7564 (1991)] lZ&&Btm 
£^X£ — C82l^>£ > (La) WSWaifcLa 
@C82* SSIH^ttiKt) CH. Shinohara. H. 
Sato et al. , J. Phys. Chem. , 
9 6. 3 5 7 1 (1 99 2) ) l:J:§^7X^-C 
821-*? h'JOA (Y) H^^F^aLt- Y@C82^I*Y 
2 @C82> BC < 1KJl**>ffiB€> CH. S h i n o h a r 
a. H. Sato et al. , Nature, 35 
7. 5 2 (1 9 9 2)] [Z^ZmmO ^*$ — CQ2l-* 
13>WA (Sc) Hl7-£|*afiLfcS c@C82* Sc2 
@C82. S 03 ©C82* ^^>t> [E. G. G i I I a 
n et al., J. Phys. Chem.. 96. 
6 8 6 9 (1 9 9 2) ] 4«3R^7 => X * — 0821=* 

'J^A (Ce) % (Nd) , f7'JOA (S 

m) % ZL^Pt 0f t?A (Eu) . tfK'J-^A (Gd) , 
f^t'OA (Tb) % vX^PvOA (Dy) % *;U5 
(Ho)\ XJUtf^A (Er) <D«-Jj§C^-£flS Lfc 

X^-C82^C84^4 3 (Cjg^^lll Aj^^jgroi^<t >^<»f 
^rta^^^4c<!:7^)<^Pt>^^Tl^i)o c*i&«-a*Bi*3S 
^^^7 ^X^ — C82^C84^- La@C82. Y@C82. 
Gd<a>C82£«itf><h Lt-»bgi. h;ux>^a)*« 

*a-cttBRTtttf*y. #st. a«i=cfey*asti* * 

[0 0 0 5] aF&icjfi*. x^e— y— *>y*& [R. 

E. Smal ley. T. Guo et al. . Sc 
ience. 257. 1661 (1 9 9 2)) (Cfcyjj 

**^X£— C28*>C60l^ : 7> (U) , i\Z> — +?U 
(H f ) . (Zr), fj»>(Ti) iS^ 

^f^SL/cU@C28. U@>C60. Hf@C28. Zr@C 

28. T i @C2B<0£.f&tfS&&2*y>* */=X^E-y— V>9 
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>b (R. E. Smal ley. L . S. Wang e 
t al. . Z. Phys. , D, WR)*) IZcfeU. Wt 

P 1 5 0. 1 9 9 6) irj: 1 ;, La@C60. Y@C60. 
Gd@C60. Ce@C60. P r©C|jOftt # *tJtiftfc 

£ — M@C82l=ifc'<raHi*^fti^tiCO(7>. ^<7)±/S(i 
Btticj; yaaj*e*-5>to)(*c+i**cicc a@c6o^ 

c6oi=»L"cti*»a*«»ai*aa)St«*<M**iT 

[0 0 0 6] 

[«W*<S*Lcfc3£-r£B«] hex* 

ii:xhp>f^ (sr) \z~D^xmm<DEmz 

mLtztOVfo&o fiP*>. S r C60. S r C70<DHSJS$ 
*f h □ >f ^ AUTtSKf ^ 7 X ^ - l:*f L t 

LT#]?$£ tlXl^tztf. ^&X'\ZS r C60. S r C7O0) 
i^7X^-Tfe^SrC60, S r C7(>0>*lJ*£*"*"4 

[000 7] 

$-x&z> 0 frfrz>mmf?7s$-\t. mm&mm\z* 

\z&<. mKitfcmsttm^f&znm&mmtLxz 

*z>xmn£m%Zi±z>j5& (u— ^a<& 
4* 



[0 0 0 8] **Ri::a«ttXKff*tJ:(*. Hftttl::& 

IS, Si. Fe. V. Na. A I. Ni, Pb. Cr. 
Mg, Ti, S. P. N^£^A/-ei*Tt<£l>o 

<bX hP^T^A, 7'MUhP>f5A?(D, 

a. ssi^. 5SM«. inrb. u>wt. *>i^»tt. 

ffl{t^^XhP>f^A^ ({&U *S£BJJ 
[0009] ^LT, S r C60, S r C7o£Sii£-f& fc 

isT^j+it-smmmtLx. xitmw&tmtit^&'S 

^-fcHH-Sctol^^^/r^. gtirXhP^f^A^ 
(4, XhP>f)A^ad:giIftt^i^ * 

[0 0 10] ««nr=fi(«R»0)f«Sn«:Sifi% 
[001 1] zhP>f^b§a^irit @<*. » 

^F^JiaSO. 1/im-1mm(D»*XI«(D**S 
lr^^^bLfct0$ffiffl-r^C < i:*<»^LL>o 
[0 0 12] a*HI»*Jl*Wlc*!f«i: % --K;up 

-Ka — *X. *jUV*-< h3- $X*(D5»»-S>5* 

n« PAN3R*»tf^^3R*a)fta«*aMt». *v*- 
#aAS«ttaatf*B^ttattaft^a>« « 

0. 1 ^ m- 1 mmO)t95feXli-?"a)*#SlCtt5R<tLfc 

[ooi 3] cn^cox hP>^^Ajb^^<tK^at» 
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3tL»<<py. X hP>^A<b*tt(D»J)ni::cfcaiH)» 
[0 0 14] x ha>^Afls*tt. J**M»&l/^S 

-CfTlV ff:»--^-tftfflt^)*^LT, MSI* 
100-2 5 0° CfISa>;SSt?tT5^. *5&BJ!l4C*t 

(75 t? & t * d <!: 1 4 1 *> ^ ^ -e fe & o 

[0 0 15] ;*1>-C. ttttKttl^ SJlfLfig 
Mtw h^UXlfCD^^-e^L. xhP>^A<b 

xj4*a>a*»*»*Lfc-3fc»*rt»i-*. 

[0 0 16] fr< LXmZ>tltzJ&&m*. *<D&&T'*j 
S r C60. S r ClO&m&-?&tc1lb<Dmnt Ltftfflt 

5c<t*«»*Li^ 0 IS(i4oo-i 500° c-e»fli 

Jg^trdo C<D»«Wcj:y. e*#JI4ttftLT^ hP 

C 6 0. S r C70*tta^"*fc»0)JH»a)-*»i:LTa[| 
flgU *blcf4fiK^tt<Z)?Sa A^«ftA3| 
(4. 2$&*f. h>*;u«F*a>tti»«F*ffl^«tt 

[0 0 17] fi£ff*#l4. COMICcfcotSIl^ 

[0 0 18] XhP>f»)Alk&*SAMfi* 
[0 0 1 9] ja^(*0)»^lCfeL^T. hP 

ft y. &^i£T£tS<<> *6I=8«0 
(4. ¥^tt«1 OO/imJaT05»5R-Cfit»(**«Jt-r* 



[0020] -£tz x mmm®. xhP>f^t^M 

[0 0 2 1 ] fifc^(*(Dii'&IC^t%T, SBKA<1 . 0 0 
Mg/m3 5f=;ffiT*fe£<h:. ^?lfllcft^T L*lMBfflO> 

mzmmoiiLmizmfeirz>ztf>mL<tj:t>) % ^*:x/\ q 
mtz y <D*t«ft/><*fti^fc«>ic. cfc y ^ < asanas 

2. 00Mg/m3 U^tK— 'J >^t£7b<& 

$ot, fi£ff^*C7){gSai4 1 . 00-2. OOMg/m 

[0022] «^f*(o«$r=tei^r. T—?1&m 
*&\z±^Tmm<7?**--£m&irz>m'£izte % «cm 

co a if ss £ tf&K-e fey. - tick y «i> £ 

C^<ft& 0 ^f*0)*lf^*l4l OMP a & 

[0 0 2 3] C<7)<fc 5ftjfiff2i*£. ^iClSUTRffMO 

[0 0 2 4] 4*88^6-8 0 4 1 0-^lzfEI£CDft 

-»»flilK»i:*-«»df::tt* XhP>^A<b^J<t 

Lfc»*tfflt^*ii*ay *• 

[0025] atst^x^— $u&mmmzmmirz>7> b 

p>^A<b^1*i<Z>fil4. «**^ 

**aticc*:-3Tai:ff*izBfi-rtitf«kL^ x kp> 
T^A^gtffn o o usance lti oMagp^Js^^ 

fcx*0«±«*<**«TL*&*>. 2 0SaSJ£jS7l3 
tX78±itfil<ttTLtL$5. XhP> 
f>^K*l00M8W:SLt0. 02ff§£B5fcaS 
T?I4, S r C60. S r ^ X£ — &&&\Z±f$. 

-e#-*\ x hP>^^A<b^tta*na>ajiS3&<a*Lic< < 

ft*, ^ot, «k 1 0 onmmzziLTmixrrzx h 

□ >fWt L*CI4, 0. 0 2-2 08iSP, 
L<I40. 2- 1 OSgaJlzft^cfcai^X hP>fOA 

[002 6 ].ca)cfc33EPia»*fl6ffl-r*c:t 

\z o L »55iJ <D*]SK| (4 ft I > 0 

[OO 2 7] X hP>^Afc*tt£s8aoL 
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*aSI=«fcy«Hft*^x*-*»ifrr4i:* ^hP>f 

■C, ^/S^^CDCGO. 070!^^^^^. S r C60. Sr 
[0 0 2 8] Z5LtfbnfrSrC60. S r C70&S 
f:X hD>^AUma>MC60. MC7oK3St?^X$ £ 

S r C60. S rC70^*^t^KS^7^^ 

— . hn>^Ajartt&MC6o. MC7ott*£^ 
'J >iU^lz^^>-iz>, h;ux>. =«Hbgt*t^<Z)jSKI 

[0 0 2 9] 
[0030] 1 

AfcSf&tt («0 Si. 0<#O. 0 1 gfi%, 

2FiSffiS5- 1 5//m] 1 0 OftSSfllCfctL. SHbX h 
Q^T^A (SrO) CHjt^^|g n a B ^. Um9 7 
'%] *2p^lttg2 0/imlzt»»Lfct(0 3. 2 411 

ig^fi (ftl Oflttff) AD*. Zl5+^-T?S&«, 
;#7*;*7iy-;i,»i (MfaUX. (**) Si] £ 
$U5 oHlSSJD^tSf 6f=SB*Lfc«* .»p— ;u (IS 
10 0° C) r;"S$*S»*-a-fc. C©M»t¥Sll 
SA<3 0-6 0 mlr £4 Lfc. 
*8S 9 8 m P a -CSiBl:^ Ifil^SffL\ flLM 

»s»fc. »«*#-*m*Br*>tt («*»> 

*brt»(»SIS«). 8 0 0° Ct- Bt««Sfrofc. * 

Kffi^-ei i oo e cT?j»ffla*frofco »t>*t 

fc*t*»tt. *«flEl. 5Mg/m3, ffllf?l$19MP 
aSUItgfil3 8/iQ-m (£B) "Ofcofco 

[0031] co)»«*T-^tt«*aa)«ssttBa)Pi 
f:» ^fl)Ba)ttMaai;iEii8 o a 1 2 5 v, 

U ta)«B*3a* tf-KHJMWIBH (ld-t 
OF) MS^«TftT*tl?|-<frSS^^gl1 ir^-T e 
[00 3 2] Hl^bffib^4«j:5l:, C60- CjQ<Di& 
\ZS r C60^*f£^6SS8t8 0 8<DQ.WtlZ. *fcS r 
C70fc*HS*4JlBR9 2 8CD{4MlC^H-?^l>t°- 
^*<tttB**lfcC:t^&. S r C60. S r C70<7)*§J££ 
«TS«*>7^5-M«L % «ttJ**iTl*4CfcA< 



Sr@C60. S r @C70"tf&4£ 4. 

[003 3] Hffi^l 2 
-fvh'J^A (Y) , =z>>$ls (La) . #K'J-^A 

(Gd) . -fe'J^A (Ce) . -J=ytti>^Jx (P 
r) . ^tvOA (Nd) . A'J^A (Ba) . *;Uv 

(ca) a>«tt-rtia>lKlb«iB«lKX(»«Ma*a 
KUBftftttrnfi (ld-t of) M^wtt-ein^fce 

[0034] 02^bWb^(*:5l:, C60. C70. C 
74. C760>ft&|wYC60^*H6^*Kfil»8 O 90>(4« 
fr. *fcYC70^»K^*»*»9 2 9©tt«lC**i-r 
*iat^-^A«atliShfc:t36^, YC60. YC70<^ 

@C60. Y@C70"C?fc4tkJtaH-e#*o 

[0 0 3 5] H3fr&H&fr4:<ft:3f::« C60. C70©« 
irL a C 601^^ &lta& 8 5 9<7M4«l:i. f fcL a 
C70K»JS*"4JMtt9 7 9 0>tt«l::«tJh^:h.ai*e- 
^3&<«ffl*ttfcCi:^?>. L a C60. L a C7O0)£&J«£ 

7>^>^^LfcSI^7^^-La@C60, La@ 
C70T?**i:«aitf**. 

[003 6] 04A^W6^S*5IC, C60. C70<£>ife 
fZG d C60f-ttJ£"i"4It*tt8 7 7 0>ttiai:: % ^f;G d 

c7o^»Jtf*ftfi»9 9 7 a>tt»=**i-r*iBii^ e- 

^*<&tB$;Kfc:^£^'b. GdC60. GdC70^)iSSiS^ 

f^K'jzr)A^aLf:R*^7X$-Gd@ 
C60. G d@C70t?fc4tWia(-e*4o 
[0 0 3 7] B5^6«6frft*.7l.^ C60. C70<Z>te 
IZC e C60^**l6-r6Hfi»8 6 OafMEd* £fcCe 

c7oi-*tJ£-*-£St8$fc9 8 o<7)aMic^tt^ti?it>e- 

^A<ttttStl/i:Ct^&. CeC60. C e C70<7)£§fi££ 
«f 4 ft* * ^ X * - fcfc * *l T t * 4 C <h *<5SIS-C # 

■FtffeU^A^rtfeLfcKS^^X^ — C e@C60. C 

e @ c 7 0 -c fc s t m m s o 

[0 0 3 8] 06A^t>B^t»^>t<fe5l-. C60. C70<^ffi 
I- P r C60(^*fi£^"^SSSa8 6 1 CDtt^lr. SfcP r 
C70l=»K^"*JtM9 8 1 a>ttBir**t-Ftiail^e- 

*A<«ffl*tLfcCi:^&. P r C60. P r C70^fflfi£$ 

^rraa** ^x^-a<»£U stir 1*4 ztt>m&v$ 

4o *fc. -f*>fcLTt«*iTL^«:L^Ci:36^6 % 
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?*l?H>*i>' > ?<L$to&Ltzmm<?^X* — P r@C 
60. P r@CioV$>Z>tt&mv£Z><> 

[0 O 3 9] ®7fr£>WZ>frU&?lz % C60. C70<Z>ffe 
[ZN d C60^^^-r^>SS§fe8 6 4<DQ.m\Z % &tzN d 

C70i^*ti£-f £sts&9 8 A^ii^ic^-ti^tt^iNe— 

<?tf&th£tltzZtfrt>. NdC60. NdC70^jSSJ$^ 

w-r s simt z> x $ -a<a t±j £ in s c t tmmx $ 
?ft**i>' j ?<u&tonLtzmm<?^*$-N d@c6o. 

[004 0] m8frt>BAZ>frt£j:?\z > C60- OjQ<Di^ 
\ZB a C60lZttfcTtZ)Mm.$!l8 5 7 CDteSlC. £/cBa 

c 7 ol^^^r^>MM^9 7 7<7){iM(z^ti^tt3^lNe- 

£#&dJ£*UcC<tfrb. B a C60, B a CjQ<Dm^ 

So 4*>itLXtmtlXl^l^Ztfrt>. 
•Ftt/N'JOA^P^^L/i-TC^^^X^ — B a@C60. B 
a@C70"efe^i:}t;MT*^^o 

[0 0 4 1 ] i9^bBJbK^9l:, C60. C70. C 
74. C78<DffelCC a C60^^^"^MftSfe7 6 0(7)iiM 
iz^^e-^^. ^f:CaC70l^t^)IM8 8O 
(Dfiairill>t 0 -~^^tli3Ftl/cC<t^^, C a C60. 
C a C70^/££W-f vX$-A<&i±SS*lTlN 

^-Ca@C60. C a@Cl0X$>Z>tmmX$Z> o 

[0042] tt&m 1 

1 tftm<n&ftX7-<?1&nZ?T^Xn±LtzXX£\Bl 
4XLfc 0 dJi|XL/cXX£ LD-TOFUMltt^ 

/r^._c6o. c 1 om<Dfe*v>mm / ? = ?*$-\A$Y\z 

[004 3] httx« 2 
-f^h'^A, #K'J-^A, -fc'J^A. Z? 

^-fe^v^A. ^tvOA, /\U^A, ^j;UvOACD^ 

h?H<Dmtm%£mmm$mmnmtLx&mL. m 
mmi tm&cD&ftxT—ti&'m&'n'ix&s.Ltzx* 

$ s ttl s etl\Biq5LLtzo l°)i|XL/'-XX£^>-|f>. K;UX 
>. -^^bK^(7)3flJI(D^$I-r?^n^+tttaiL. ^0) 



mzti&Simo^TsZ-it&ihztitzb^ mc6o. mc 

70lS&&T*#fc#of- o 
[0 0 4 4] 

fc^SrC60, S r C70^>^^ ; &t-S^^^ : 7X^- 
^-S r C60. S r C70, &tfMC60. MC70l*7^M 

>&mi^zk\z& v%)m&<te&x£z>tztb. ttdi^ 

So ftoT. *£BJ^ 3J®*m. ¥®<**f*4. 
[HffiO)flf««Rn] 

[Hi] xtKfli t?ss£l*:xx£7-'J ^-ettdiLfr 

So 

[02] Xtttt2 0>!Mb<r^ hU^AI^g*»S7- 

[U3] *Jfi«2 0)»ft^>*>3B$a*»ST-^tt 
iLTSfrXXjT-'J >T*«titi L 0)0) L D-TO 

[14] *Jfi«2 0)K{b*K'J-'>ASftat*|»t7- 

TOFglX^^ h;KD-§P^7F-riUT*feSo 

[us] mmm2<DMit**)^j+m^i%mm£'7~-?i& 

[H6] SMfi«20)B»ft^ i 7-fe*y^Aa«ift*|»S7' 
-^tttLt»fcX^$7-U LtztOOL D 
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